INTRODUCTION
Varicocoele is the abnormal dilation of the pampiniform venous plexus in the scrotum, which drains blood from the testicles. It is a common cause of male infertility (Miyaoka & Esteves, 2012) . Population-based studies, largely school and military screening physical examination data, have shown that the prevalence of varicocoele is approximately 3.58-25.4% in the general population (Oster, 1971; Steeno et al., 1976; Stavropoulos et al., 2002; Kumanov et al., 2007; Baek et al., 2011; Rais et al., 2013; Alsaikhan et al., 2016) , 21-41% in men with primary infertility and 75-81% in men with secondary infertility (World Health Organization, 1992; Gorelick & Goldstein, 1993; Jarow, 2001 ; Gokce et al., 2013) . The prevalence varies according to the population characteristics, examination method and regions. These reports have mostly originated from the Americas, Europe and the Middle East (Kim & Goldstein, 2008) . However, data on the epidemiology of varicocoele from large sample populationbased studies are scarce in Chinese populations, especially in men of reproductive age.
The exact pathophysiology of varicocoele is still not clear (Alsaikhan et al., 2016) . Previous studies have assessed the association between varicocoele and other factors such as age, height, body mass index (BMI), lifestyle habits and occupation (Delaney et al., 2004; Handel et al., 2006; May et al., 2006; Nielsen et al., 2006; Prabakaran et al., 2006; Tsao et al., 2009; Chen & Huang, 2010; Bae et al., 2014; Shafi et al., 2014) . There are inconsistent data regarding the relationship between varicocoele and BMI. Some studies suggested that BMI was inversely associated with the prevalence of varicocoele (Handel et al., 2006; May et al., 2006; Nielsen et al., 2006; Prabakaran et al., 2006; Tsao et al., 2009; Chen & Huang, 2010; Baek et al., 2011; Gokce et al., 2013; Rais et al., 2013) , whereas other studies found no such relationship (Oster, 1971; Delaney et al., 2004; Bae et al., 2014; Shafi et al., 2014) . Moreover, most studies did not adjust for potential confounders when assessing the relationship between varicocoele and BMI. Therefore, the purpose of this study was to evaluate the prevalence of varicocoele among rural men of reproductive age in eastern China and assess the relationship between varicocoele and BMI after controlling for possible confounders such as age, height, occupation, cigarette smoking and alcohol consumption.
MATERIALS AND METHODS

Study population
In this population-based cross-sectional study, 40,005 rural men aged from 21 to 49 years were recruited from six counties (Fengtai, Guangrao, Donggang, Huangpu, Fanyu and Doumen) in three provinces (Beijing, Shandong and Guangdong) in eastern China between June 2011 and December 2012. All subjects participated in the National Free Preconception Health Examination Project (NFPHEP) in China. NFPHEP was launched by National Health and Family Planning Commission (NHFPC) and Ministry of Finance (MOF) of the People's Republic of China in 2010 to provide free preconception health examinations for rural reproductive couples who planned to be pregnant within the next 6 months (Sang, 2015; Wang et al., 2015; Zhang et al., 2015) . A written informed consent form was obtained from each participant before enrolment. The study was approved by the Institutional Review Board of the Chinese Association of Maternal and Child Health Studies. Among the participants, 446 (1.11%) were excluded from the study because of incomplete records. The remaining 39,559 participants were included in the final analyses.
Assessment of BMI
Physical examinations were conducted by qualified and trained physicians following standardized protocols in designated hospitals in the six counties. The physical examination included measurements of height, weight and the presence and severity of varicocoele. Height and weight were measured with participants wearing lightweight indoor clothing but without shoes in the standing position using a calibrated beam balance and stadiometer. Values were recorded to the nearest 1 cm for height and 0.1 kg for weight. BMI was calculated as weight in kilograms divided by height in metres squared (kg/m 2 ). According to the World Health Organization (WHO) recommendation, four BMI groups were defined as follows (World Health Organization, 2000) : underweight (<18.5 kg/m 2 ), normal weight 
Assessment of covariates
Physicians used a unified questionnaire to collect basic information including region, age, level of education, ethnicity, lifestyle habits (cigarette smoking and alcohol consumption) and medical history. Cigarette smoking was defined as smoking more than one cigarette per day in the past 6 months. Alcohol consumption was defined as drinking alcohol at least 1 day in the past 30 days. Region was classified according to the counties (Fengtai, Guangrao, Donggang, Huangpu, Fanyu and Doumen) . Occupation was grouped into farmer, worker or others. Height was grouped into quintiles: ≤167, 168-171, 172-174, 175-178 and ≥179 cm.
Outcome data
The presence, grade and laterality of varicocoele were diagnosed through physical examinations by qualified physicians who were trained by experienced doctors from andrology departments assigned by NHFPC. To minimize inter-observer error, all examiners used a standardized guide to varicocoele. All participants underwent physical examination in a warm environment and the scrotum was examined in the standing position. The severity of varicocoele was classified as follows (Dubin & Amelar, 1970) : grade I, palpable only with the Valsalva manoeuvre; grade II, palpable without the Valsalva manoeuvre but not visible or grade III, visible from a distance. If bilateral varicocoele was present, the severity was graded according to the largest varicocoele.
Statistical analysis
All analyses were conducted using SPSS version 18.0 (SPSS Inc., Armonk, NY, USA). Continuous variables are presented as means AE SDs for normally distributed data. Categorical variables are presented as frequencies (percentages). The prevalence of varicocoele was compared in different groups according to sociodemographic characteristics using chi-square tests. The mean BMI was compared between men with and without varicocoele using independent-samples t-tests. The association between varicocoele grade and BMI was assessed using trend chi-square tests. Univariate logistic regressions were used to assess the association between the presence of varicocoele and BMI. In the multivariate logistic regression model, the association between varicocoele and BMI was adjusted for the following covariates: region (Fengtai, Guangrao, Donggang, Huangpu, Fanyu or Doumen), age (continuous), height (continuous), occupation (farmer, worker or others), cigarette smoking (yes or no) and alcohol consumption (yes or no). The results of the logistic regression analyses were presented as OR with 95% CI. Two-sided p < 0.05 was considered statistically significant in all analyses.
RESULTS
A total of 39,559 rural men with a mean age of 30.30 AE 4.36 years (range 21-49) were screened. Varicocoele was diagnosed in 1911 participants, with an overall prevalence of 4.83% (95% CI: 4.62-5.04%). Among these 1911 patients, 1680 (87.91%), 52 (2.72%) and 179 (9.37%) had left, right and bilateral varicocoele respectively. The prevalence of varicocoele in the 39,559 rural men according to socio-demographic characteristics are summarized in Table 1 . The prevalence of varicocoele increased with increasing age and height. The prevalence was significantly higher in workers (5.06%) than farmers (4.42%, p < 0.05), in smokers (5.13%) than non-smokers (4.67%) and alcohol drinkers (5.29%) compared with non-drinkers (4.14%, all p < 0.05). The mean height of the participants with varicocoele (173.20 cm, SD = 5.77) was significantly higher than that of participants without varicocoele (172.23, SD = 5.68, p < 0.001).
The mean BMI of men with varicocoele was 23.06 AE 3.36 kg/m 2 , which was significantly lower than that of subjects without varicocoele (23.50 AE 3.50 kg/m 2 , p < 0.001). The association between BMI and varicocoele was further assessed by stratifying the BMI groups and varicocoele grades (Table S1 ). The prevalence of varicocoele in underweight, normal weight, overweight and obese subjects was 6.29, 4.94, 4.46 and 3.71% respectively (Fig. 1) . The prevalence of varicocoele decreased as BMI increased in all three varicocoele grades. The varicocoele grade was significantly inversely associated with BMI (p < 0.001).
The results of univariate and multivariate logistic regression analysis of the association between the presence of varicocoele (regardless of grade) and BMI are presented in Table 2 . In the univariate model, BMI was inversely associated with the presence of varicocoele (p < 0.001). After adjusting for region, age, height, occupation, cigarette smoking and alcohol consumption, BMI was still inversely and independently associated with the presence of varicocoele in the multivariate model (p < 0.001). Compared with normal weight men, underweight men (OR = 1.34; 95% CI, 1.10-1.63) were more likely to have varicocoele, whereas overweight men (OR = 0.88; 95% CI, 0.79-0.99) and obese men (OR = 0.75, 95% CI: 0.58-0.97) were less likely to have varicocoele; all these comparisons were statistically significant (p < 0.01).
DISCUSSION
Varicocoele is the most common and correctable cause of male factor infertility. The current population-based cross-sectional study found that varicocoele was common in Chinese rural men aged 21-49 years, with a prevalence of 4.83%. These findings are consistent with the results of a recent largest nationwide population-based epidemiological study of 1.3 million Israeli men, which was conducted by Rais et al. (2013) . In their study, the overall prevalence of physician-diagnosed varicocoele was 3.58% in all men and 3.7% in rural men who underwent military medical examinations (Rais et al., 2013) . In previous studies, the prevalence of varicocoele was reported as approximately 3.58-25.4% in the general population (Oster, 1971; Steeno et al., 1976; Stavropoulos et al., 2002; Kumanov et al., 2007; Baek et al., 2011; Rais et al., 2013) . The differences among these results may be because of the diverse characteristics of study populations, areas and examination methods used in the different studies. Chanc reported that the prevalence of physical examination-detected varicocoele was 16.0% in 1079 men aged 18-40 years, which was lower than the prevalence of ultrasound-detected varicocoele (30.6%). When the examination method was taken into consideration, the real prevalence of varicocoele in this study may be higher. Nevertheless, to our knowledge this study is the first large sample population-based study to estimate the prevalence of varicocoele in rural men aged 21-49 years in eastern China.
Numerous studies have suggested that varicocoele is commonly associated with impaired semen quality (World Health Organization, 1992; Pasqualotto et al., 2005) . Although the Normal weight Overweight Obese Figure 1 The prevalence of varicocoele in 39,559 rural men according to body mass index (BMI) group. definitive mechanisms behind how varicocoele leads to impaired spermatogenesis and infertility are still unclear, altered or impaired testicular blood flow, increased scrotal temperature, oxidative stress, gonadotoxic metabolite reflux, sex hormone changes and autoimmunity in varicocoele patients have been cited as possible causal factors that generate progressive toxic effects . Surgical correction can improve the semen parameters and sperm chromatin integrity of infertile men with varicocoele, thus enhancing pregnancy rates Will et al., 2011; Smit et al., 2013; Nork et al., 2014; Alhathal et al., 2016) . Eisenberg et al. (2012) reported that subjects with a longer anogenital distance had a higher likelihood of improvement after varicocoelectomy. It is notable that all the participants in this study were from couples who were planning to become pregnant within the next 6 months when they underwent the physical examination, and varicocoele was common. This suggests that more attention should be paid to varicocoele in rural men of reproductive age.
The association between varicocoele and BMI has been assessed in many studies with conflicting results. In 1957, Smith was the first to hypothesize that patients with varicocoele were taller and heavier based on a comparison of 840 patients with varicocoele and age-matched controls without varicocoele (Smith, 1957) . Subsequently, in 2004 Delaney et al. reported that patients with varicocoele were significantly taller and heavier, but there were no significant differences in BMI. In 2014, Bae et al. showed that the varicocoele group had a significantly lower BMI in adolescents, but the difference was not significant in adults according to logistic regression analysis. In contrast to the results of these studies, many other reports showed an inverse association between varicocoele and BMI in both adolescents and adults (Handel et al., 2006; May et al., 2006; Nielsen et al., 2006; Prabakaran et al., 2006; Tsao et al., 2009; Chen & Huang, 2010; Baek et al., 2011; Gokce et al., 2013; Rais et al., 2013) . In 2006, Nielsen et al. reported that the prevalence of varicocoele decreased with increasing BMI in 2106 men aged 18-85 years who were attending hospital for infertility or erectile dysfunction. In 2009, Tsao et al. showed that BMI was inversely correlated with the prevalence and severity of varicocoele in 1055 young military men. In 2013, Rais et al. screened 1.3 million Israeli men for mandatory medical examinations and found a significantly decreased risk of varicocoele in overweight (OR = 0.51) and obese subjects (OR = 0.35), and a significantly increased risk of varicocoele in the underweight group (OR = 1.07) compared with the normal weight group. The current findings are consistent with the results of these previous studies demonstrating that BMI was inversely associated with the presence of varicocoele. This inverse association remained statistically significant even after controlling for possible confounders. Further research is warranted to examine the causal association between BMI and the occurrence of varicocoele using a prospective cohort study or intervention study.
Although the definitive aetiology of varicocoele is not wellknown, the 'nutcracker phenomenon' theory has been widely accepted. This theory states that varicocoele is caused by increased pressure in the left renal vein as it is compressed between the aorta and the superior mesenteric artery (Coolsaet, 1980) . With regard to a possible explanation for the inverse association between varicocoele and BMI, many researchers suggested that increased amounts of adipose tissue may decrease compression of the left renal vein and provide a cushion, decreasing the nutcracker effect in men with a higher BMI (Handel et al., 2006; Nielsen et al., 2006; Tsao et al., 2009) . Another possible explanation is that the detection of varicocoele is decreased in men with a higher BMI because of difficult palpation on physical examination because of the presence of adipose tissue in the inguinal and scrotal areas (Coolsaet, 1980; Handel et al., 2006) . However, a recent study showed that obese patients had a lower prevalence of varicocoele than normal weight men after detection by ultrasound or physical examination. Therefore, the authors concluded that the difference in prevalence was not because of difficulties with the physical examination caused by obesity (Chanc Walters et al., 2012) . In summary, the inverse association between varicocoele and BMI is because of a decreased nutcracker effect in men with a higher BMI.
This study showed that the prevalence of varicocoele increased with increasing age. This result is consistent with some previous studies (Prabakaran et al., 2006; Levinger et al., 2007; Rais et al., 2013; Bae et al., 2014) . Levinger et al. (2007) evaluated the prevalence of varicocoele in 504 healthy men aged 30-89 years, and found that the prevalence of varicocoele was age-related. A possible explanation for this is ageing of the venous valves, which induces pathologically elevated hydrostatic pressure in the testicular drainage system and leads to an agerelated prevalence of varicocoeles (Levinger et al., 2007) . However, several studies did not find any relationship between age and varicocoele (Nielsen et al., 2006; Baek et al., 2011; Soylemez et al., 2012) . Therefore, the real causal correlation between age and varicocoele should be examined further by longitudinal studies. The prevalence of varicocoele was higher also in drinkers and smokers compared with non-drinkers and non-smokers. Although many studies investigating the effects of lifestyle habits on male infertility showed that cigarette smoking and alcohol consumption had an adverse influence on semen quality (Collodel et al., 2009; Fariello et al., 2012) , studies examining the association between varicocoele and smoking and alcohol intake are limited. Shafi et al. (2014) reported an association between smoking and varicocoele in 816 infertile men (OR = 2.42), which was consistent with the results of this study. Further prospective studies are needed to examine whether there is a coincidental or real causal relationship between varicocoele and lifestyle habits.
This study has several limitations. First, the presence of varicocoele was examined by different physicians, and the actual prevalence might be under-diagnosed. However, all the examiners were uniformly trained by a urological expert dispatched by the National Ministry of Health and were required to conduct physical examinations following a standardized guide to minimize inter-observer error and information bias. Second, varicocoele was diagnosed by physical examination without ancillary diagnostic measures such as Doppler ultrasound. Nevertheless, the methods used in the study were consistent with the recommended standard evaluation procedures (Jarow et al., 2002) . Third, couples who did not plan to get pregnant were not enrolled in the NFPHEP study, and thus a certain amount of selection bias was unavoidable. Nevertheless, to our knowledge this study is the first large sample epidemiological screening of varicocoele in Chinese rural men aged 21-49 years. The association between varicocoele and BMI was evaluated with controlling for possible confounders such as region, age, height, occupation, smoking and alcohol consumption. We believe that this study provides a valuable reference of varicocoele in Chinese men and its relationship with BMI.
In conclusion, the prevalence of varicocoele was 4.83% among rural men in eastern China. The prevalence decreased as body mass index increased in all three varicocoele grades. Body mass index was inversely and independently associated with the presence of varicocoele. Future efforts should be made to validate the risk factors for varicocoele and strengthen the prevention and treatment of varicocoele, especially in underweight men.
